An air micro-bubble bioreactor (AMBB) using a free self-adapted microbial population, 15 dm 3 working volume, was used for aerobic treatment of winery wastewater. This reactor utilizes a Venturi injector in conjunction with mass transfer multiplier nozzles, which allow an efficient oxygen transfer. The reactor can operate in batch or continuous conditions. The dynamics of chemical oxygen demand (COD), biomass and total contents of polyphenolic compounds was followed throughout each trial. The wastewater COD ranged between 4.0-8.0 kg COD m 23 and the efficiency of the batch treatment was about 90.0^4.3%, after 6 days of operation.
INTRODUCTION
The winery wastewater is seasonally produced and its treatment represents a main problem to the winery sector, as a result of the amount and composition of the effluent produced over the year. Winery wastewater is generated mainly as the result of washing equipment and bottles and purges from the cooling process. As a consequence of the working period and the winemaking technologies, volumes and pollution loads greatly vary over the year (Duarte et al. 2004; Eusé bio et al. 2005) . Consequently, the treatment system must be versatile to face both the loading regimen and stream fluctuation. Further, as each winery is unique in wastewater generation (highly variable, 2 to 14 L per litre of wine) and disposal, plans for environmentally friendly management of waste are not universal and should be tested for its effectiveness.
In Portugal, many wineries discharge their wastewater into rivers without treatment, only 17% of the wineries have environmental licence, 5% dispose a pre-treated wastewater for the municipal wastewater treatment and 7% dispose the treated wastewater into water body (MAOTDR 2007) . On the other hand, most wineries are not able to identify the efficiency of the treatment system. Therefore, the disposal of winery wastewater is one of the main environmental problems related to wine industries.
Several winery wastewater treatments are available, but the development of alternative technologies is essential to doi: 10.2166/wst.2009.558 increase their efficiency and to decrease the investment and exploration costs. The most promising treatment system appears to be the vertical aerobic reactors characterised by good oxygen transfer and high biological conversion capacity (Petruccioli et al. 2000) . To optimise the mass transfer, a highly efficient venturi injector coupled with multiplier nozzles (AirJection w ) was applied in lagoon (Meyer et al. 2004) .
In order to achieve the best available technology is also important to be acquainted with the wastewater final disposal. There is increasing interest in treated wastewater as a source of supplemental irrigation (Ryder & Chrobak 2004) . In water scarce regions, there is a benefit when the treated wastewater is used as an economic additional water supply, in agriculture. Therefore, a number of concerns had to be taken into account and the knowledge of the treated wastewater composition is critical for safe use (Bustamante et al. 2005) . However, chemical analysis could be insufficient to provide the potential ecological risk, since they do not allow an evaluation of possible combined effects of the different contaminants mixed together, as well as their bioavailability. Bioassays, which can mitigate these constraints, are, therefore, recommended for the assessment of ecological risks in soils or other matrices to be used as organic amendments (van Gestel et al. 2001; Fjä llborg et al. 2005) .
The main objective of this study was to evaluate a winery wastewater treatment system based on an air microbubble bioreactor (AMBB) at a bench-scale, and also to assess the suitability of treated water in relation to vineyard irrigation.
MATERIAL AND METHODS

Wastewater characterization
The winery wastewater was collected, between September The aerated flow was 2 dm 3 min 21 . The operating temperature was 20 -308C.
Seed germination bioassays
Germination tests were performed following Fuentes et al. (Zucconi et al. 1985) , where RSG represents the relative seed germination and RRG the relative root growth, after exposure to the treated wastewater. All experiments were repeated twice. The data of cress seed germination bioassays were subjected to analysis of variance (ANOVA) and the means compared by the Tukey's test at a 5% significance level.
RESULTS AND DISCUSSION
Wastewater qualitative assessment
During the studying period, samples of winery wastewater were taken for laboratory characterization to evaluate their pollutant charge (Table 1) Concerning TS and TSS parameters, the results reveal a high variability during the vinification period. Moreover, the TS are significantly higher than TSS, which means that these wastewaters contain, mostly, dissolved organic pollutant charge. Although phenols and anionic surfactants are important pollutants, it is not expected that they could influence the organic load, since they are present in low concentration.
AMBB treatment
The bioreactor AMBB was tested in the vintage period and during racking. The evolution of COD concentration, biomass and polyphenolic compounds was followed, during the different periods and no significant differences were obtained ( Figure 3a) . Regarding the biomass evolution, a typical growth curve for batch cultivation was achieved In order to assess the loading rate influence on the AMBB performance, the initial conditions were changed.
The loading rate was increased to 1.00 kg COD m 23 day 21 , the F/M ratio was about 0.27 kg COD kg MLVSS 21 day 21 and the observed yield coefficient for biomass growth was 0.13 kg MLVSS kg COD 21 . In these conditions the COD removal efficiency achieves 96^3%. Despite the higher loading rate of the wastewater, the treatment efficiency increased, without a significant variation of biomass growth. This unexpected result could be explained by the highest specific oxygen respiration rate of biomass, originated by a higher F/M ratio (Brucculeri et al. 2005) , thus revealing a good adaptation of the microbial population (data not shown) to high organic loads.
The AMBB effluent was physico-chemical characterized in order to evaluate its suitability to be used in crop irrigation (Table 2 ). All the analyzed parameters except one were in accordance with EU and Portuguese Legislation (Directive 2000/60/EC, DL n8 236/98) for irrigation use. Of particular concern was the sodium adsorption ratio (SAR), the proportion of sodium to calcium and magnesium, which was higher than the permitted parametric value. However, this treated wastewater will be used in irrigation systems to supplement irrigation water, as an economic additional water supply. The aim of water reutilization is to minimize water consumption. Nevertheless, other management strategies could be established in the celery, to diminish the SAR ratio. As the cress bioassay is a standard procedure to evaluate the behaviour of crops to water contaminants, data evidence the suitability of treated wastewater in relation to crop irrigation, thus minimizing water consumption. While the quantity of wastewater available will account for only a small fraction of the total irrigation water requirements, these wastewaters could be used as additional water supply.
Seed germination bioassays
CONCLUSIONS
The AMBB performance in batch conditions shows a good COD removal, after 6 days of treatment. These results allow the evaluation of this reactor during start-ups, which is essential for seasonal wastewaters. During continuous process, the AMBB reveals a COD efficiency of 93.3^2.0%, which showed to be not dependent on the applied loading pollutant charge, of the feeding effluent.
In these conditions the biomass demonstrates a low conversion degree, quantified by the observed yield coefficient for biomass growth (0.090.13 kg MLVSS kg COD 21 ).
The treated wastewater revealed its suitability to be integrated in the irrigation systems as confirmed by direct toxicity bioassays and physico-chemical characteristics.
These results are promising and the system will be optimized in what concerns hydraulic retention time;
oxygen transfer and contact time, energetic costs and sludge production. These will contribute to the settlement of the AMBB treatment at the Pilot-scale.
